Abstract Arteriovenous malformations are uncommon congenital disorders in vascular development. They frequently involve craniofacial structures and result in a morphogenic abnormality with ominous arteriovenous shunting. We present a huge AVM of the upper lip in an 18-year-old patient who was successfully treated by the combination method of presurgical endovascular embolization and complete resection of the lesion. Subsequent surgical defect in upper lip, which involved more than two-third of the lip length, was reconstructed via Webster's modification of cheek advancement flap.
Introduction
Arteriovenous malformations (AVMs) are structural vascular anomalies which occur as the result of errors in morphogenesis of the vessels between 4th and 6th weeks of gestation [1, 2] . These developmental defects provide unwanted communications between arteries and veins, bypassing the capillary system. Histologically, AVMs are composed of numerous aberrant arteriovenous shunts without normal interconnecting capillary bed and these tangled vessels consist of multiple arterial and venous compartments without muscular support, endothelial proliferation and giant cells. They are usually present at birth but may not be clinically evident; they have a normal growth rate and endothelial turnover, showing proportionate growth in relation to body volume and present no signs of spontaneous involution. This growth is the result of vascular recruitment and collateralization with the acquisition of feeding arteries and draining veins, which conduce to increasing blood flow through the lesion. On occasions, rapid expansion can occur following trauma, infection, and hormonal changes including puberty or pregnancy [3] [4] [5] [6] [7] [8] [9] [10] . Generally AVMs are rare lesions and approximately half of them are located in head and neck region. They can be asymptomatic or compress and destroy the surrounding tissue to cause functional and cosmetic problems like facial asymmetry, pain, bone destruction and unexpected hemorrhage. With this circumstance, treatment is inevitable and varies between nonsurgical and surgical modalities including: using sclerosing agent like ethanol or glue, ligation of feeding arteries, curettage and resection. Nowadays, surgical resection following endovascular embolization is the treatment of choice and immediate reconstruction of the remnant defect is necessary [1, 2, 6, 8, 11, 12] .
Here, we present a huge AVM of the upper lip which was extended to nose tip and successfully managed by injection of sclerosing agent, embolization and surgery. In this case, upper lip was reconstructed through modified Webster's cheek advancement flap and cosmetic and functional results were acceptable.
Clinical Report
An 18-year-old girl was referred to our department with huge swelling and malformation of upper lip with extension to nasal columella and tip (Fig. 1) . The lesion was present at birth and developed gradually. She had good general health and did not mention any history of trauma to the lip or facial region. On clinical examination, the swelling was firm and painless. Overlying skin and oral mucosa were hyperemic and hyperpigmented with color change to red and bluish pigments. Intraoral evaluation showed anterior maxillary teeth crowding with mild anterior crossbite which was the consequence of compression exerted by this huge lip. In addition, thrill and pulsation were felt on palpation of the lip, so we were conceived to vascular nature of this lesion. Selective angiography for bilateral carotid arteries showed an AVM of the upper lip with feeding vessels from both right and left facial arteries (Fig. 2) . On two sessions with a 1-month interval, these two arteries were embolized and subsequently six intralesional sclerosing agent (TROMBOVAR Ò , Therapex Sodium Tetradecyl Sulfate Sclerosing Agent) injections, once in a week, were given. Each injection contained 0.5-1 ml sodium tetradecyl sulfate 1 % solution. Secondary angiograms showed significant decrease in vascularization of the lesion and the patient underwent operation for resection and reconstruction of the upper lip (Fig. 3) .
Surgical procedure for resection of the involved site was approached through normal tissue to bypass resection inside vascular tissues. Approximately more than twothirds of the upper lip was resected and complete hemostasis was performed by ligation and cauterization of the supplying vessels. Reconstruction of such large defect in a young girl is challenging to achieve normal function and the most possible esthetic outcome. We decided to use Webster's modification of cheek advancement flap (Modified Bernard-Burrow's technique) in this case. For this approach, two crescent (Burrow's triangles) excisions in nasolabial region were performed. Cheek advancement flaps were mobilized by dissection near bucco-gingival junction to gantlet in midline. In addition, two other horizontal triangles from superior skin edge (in the junction of new lip and nose) were excised for reduction of excess lip height. Finally, skin, muscles and mucosa were sutured in three layers and columella skin edges were approximated together properly (Fig. 4) . The patient's intraoperative and postoperative courses were uneventful and during 2 years follow-up, no recurrence was seen. Functional and esthetic result of this reconstruction method was good and satisfying for the patient (Fig. 5 ).
Discussion
Vascular anomalies are the most common soft tissue congenital abnormalities that affect up to 10 % of newborns. Current classification divides these lesions into two main categories including vascular tumors (predominantly hemangiomas) and vascular malformations. This classification is based on the cellular turnover, clinical behaviors and natural history. Hemangiomas are common vascular lesions with proliferative endothelial cell that produce incomplete vessels architecture. They have rapid growth and involution presented soon after birth and followed by spontaneous resolution afterward. In contrast, vascular malformations have normal cell turnover but comprise progressive dilated and ecstatic vessels. They are generally presented at birth and grow concomitantly with the child. Vascular malformations further subdivide into high-flow AVMs (unlike hemangiomas) are uncommon lesions and most of them involve head and neck structures. These lesions are among the most serious vascular anomalies due to their high-flow hemodynamic nature which can cause fatal hemorrhage. Their signs and symptoms vary between asymptomatic lesions to pulsatile swelling, throbbing pain, uncontrollable hemorrhage following trauma or tooth extraction and cardiac failure. When the lesions are small and asymptomatic, close observation is sufficient. However, with continuing growth of AVMs, signs and symptoms outbreak and result in cosmetic and functional problems, which necessitate active treatment [1, 6, 7, 15] .
Over the past years different treatment modalities were used for management of head and neck AVMs. Considering the benign cellular nature of AVMs, as less aggressive as possible methods were tried for management of these lesions, but unfortunately in many cases they were unsuccessful. Embolization and sclerotherapy techniques are based on using various materials to control blood flow of this obscurant vessels system. These materials consist of embolizing agent: Polyvinyl alcohol foam particles (PVA), Embosphers (like EmboGold), Gelfoam, NBCA-Histoacryl (Glue), OnyxTM liquid embolic system, Coils, Ballons, and sclerosing agents: Ethanol, Sodium tetradecyl, Doxycycline, Bleomycin. But this vascular system has special regrowth potentials including: (1) AVMs have high flow hemodynamic states which can washout sclerosing agents, (2) AVMs have recruitment and recanalization potential and soon after embolization produce new vascular system, (3) AVMs are fed by more different vessels which are hard to control in a high vascular region such as head and neck. Also, these procedures can be accompanied with some complications like tissue necrosis, thromboembolism, stroke, nerve damage, blindness and severe pain. Nonetheless, their uses were accepted on preoperative adjuvant methods for reducing excessive hemorrhage in surgical operative time and palliative modalities for extensive, deep or inaccessible lesions [2, 6, 9, 10, [16] [17] [18] .
Frequently, proximal ligation of feeding arteries to the AVMs results in recruitment of collateral vessels and recurrence. Furthermore, this ligation and subsequence collateralization (even more than previous) makes future embolization impossible and aggravates AVM's growth. Yet, ligation as an intraoperative or emergency accessory tool to control unwanted hemorrhage can be used. Also, other less aggressive surgical methods like curettage and partial resection cause reestablishment of the lesion and lead to rapid recurrence, too, and may be accompanied with dangerous intraoperative bleeding. Hence, complete resection is the most curative surgical method for AVMs and is often performed after presurgical selective embolization. This combination method has the greatest success rate and is nowadays considered as a gold standard treatment modality. However, this total resection particularly in head and neck region has some intrinsic drawbacks including remaining surgical defect that may produce significant esthetic and functional problems, and close proximity to vital structures that can restrict proper resection [2, 6, [8] [9] [10] [11] 17] . In the head and neck region, AVMs involve cheek, ear, nose, forehead, upper lip, lower lip, mandible, neck, scalp and maxilla by the order. It was shown that the majority of the AVMs occurred in the middle face (cheek, ear, nose, and upper lip) and each of them has specific treatment challenges. Upper lip AVMs have less surgical problems for resection because the lesions and feeding vessels are often accessible and control of hemorrhage is easier. On the other hand, reconstruction of the subsequent defect is critical because the lip has an important role in speech and mastication, and is one of the most important esthetic units in the face [1, 8, 16, 19] .
Generally, reconstruction of the upper lip defects is approached by considering defect size and position. Small defects up to one-third of the upper lip width are primarily closed properly. In some cases with more skin laxity like old patients, up to one-half of the lip can be repaired by primary closure. For defects ranging from one-third to twothirds of the lip width, cross-lip transposition flaps are appropriate choices. Abbe flap for central and Estlander flap for lateral defects are two famous flaps of this category. Larger defects comprising greater than two-thirds of the upper lip are more challenging because they pose more degree of microstomia, esthetic and functional compromise. Viable options for these defects are cheek tissue advancement flap [Webster's modification of BernardBurrow's flap (Webster flap)] and lip flap from remaining lip tissue (Karapandzic flap). Successful result is provided by both techniques if proper case selection is done and advantages and limitations of each one considered. Cheek advancement flap should be used for the patient with enough cheek tissue that can be advanced medially or the laxity of the cheek permits tension free advancement. This flap has the benefit of providing additional tissues for bigger defects and has a mild microstomia. However, it does not provide vermilion tissue coverage, so oral mucosa should be rolled out to meet the external skin edge. Loss of cupid's bow is another disadvantage of this flap but on the other hand, remaining scar is rather smaller. Karapandzic flap has the main advantage of providing innervated tissues and vermilion. However, it can cause microstomia which may need secondary commissure surgery and distortion of commissures. Finally, defects of upper lip more than 80 % and total lip defects need extensive local flap such as bilateral nasolabial flaps or may need free flap transfer such as radial forearm free flap to reconstruct lips and surrounding structure if it is needed [19] [20] [21] [22] [23] [24] .
In this case we used a new modification of cheek advancement flap for lip reconstruction. In original Webster's modification of cheek advancement flap, just two Burrow's triangles were resected from nasolabial regions to permit flap advancement without any changes in lip height. In this new modification, via addition of two other Burrow's triangles to the horizontal segment of advanced lip or cheek tissues, we can change the vertical height of the lip. The base of this two added triangles were placed in midline of the lip to create natural curve of the lip.
Conclusion
Upper lip AVMs like most head and neck counterparts can be treated successfully by combination of presurgical embolization and complete resection. Up to now, this method is the most predictable treatment modality, but subsequent surgical defect needs precise reconstruction procedures. It is critical to preserve esthetic and functional 
